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METHODS OF DETERMINING THE SULPHUR CONTENT 
OF FUELS, ESPECIALLY PETROLEUM PRODUCTS. 


By Irvine C. Auten and I. W. RosBertson. 


INTRODUCTION. 


The Bureau of Mines, which is analyzing and testing mineral fuels 
for the Government, has received frequent inquiries regarding 
methods for the determination of the sulphur content of fuel oils and 
petroleum products. These inquiries have made advisable the pub- 
lication of this paper, which is issued as a part of a report on petro- 
leum technology. That report, appearing section by section, aims 
to tell how the products of petroleum can be improved in quality, 
how they can be more efficiently utilized, and how some materials 
now regarded as waste products can be made useful. The complete 
report will thus describe in detail the petroleum industry as carried 
on in the United States. 


EFFECTS OF SULPHUR IN FUELS. 


The corrosive action of sulphur acids on fireboxes and boiler flues 
and on the cylinders of internal-combustion engines is not thoroughly 
understood. The effects of such action are sufficiently evidenced by 
the pittings, scales, and roughened spots on metal surfaces that have 
been exposed to the products of combustion of fuels rich in sulphur. 
Therefore an exact knowledge of the sulphur content of fuels is 
desirable, 


METHODS OF SULPHUR DETERMINATION. 


The methods for the quantitative determination of sulphur in 
fuels, especially petroleum products, may be classified as follows: 

(1) Dry fusion with alkalies and subsequent oxidation with 
bromine. 

(2) Dry fusion with a mixture of alkalies and oxidizing agents. 

#8) Treating with wet alkalies and oxidizing agents. 

(4) Oxidizing with fuming nitric acid at high pressures. 

(5) Burning in pure oxygen at atmospheric pressure. 

(6) Burning in a stream of pure oxygen. 
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4 SULPHUR CONTENT OF FUELS. 


(7) Burning in a lamp in atmospheric oxygen. 

(8) Burning in a bomb calorimeter with pure oxygen under a 
pressure of 30 to 40 atmospheres. 

In this paper, methods for the determination of sulphur in fuels 
are taken up in the order stated above; a discussion of each method 
and observations on its value are given, and a bibliography of per- 
tinent literature is presented. 


1, DRY FUSION WITH ALKALIES AND SUBSEQUENT OXIDATION 
WITH BROMINE. 


Heath ¢ and Sadtler,® in determining the total sulphur in a given 
fuel, fuse the sample directly with dry sodium carbonate and mag- 
nesium oxide, eventually complete the oxidation with bromine, and 
precipitate, in the usual manner, with barium chloride, the sulphuric 
acid formed. 

Handy © fuses the sample with either sodium or potassium car- 
bonate. 

Hundeshagen ¢ and Hertig ¢ fuse with a mixture of sodium and 
potassium carbonates and magnesium oxide. Hundeshagen/ also 
fuses with magnesium oxide and potassium hydrate. Garrett and 
Lomax 9 prefer to fuse with calcium oxide. and sodium carbonate 
because, as they maintain, calcium oxide free from sulphur is more 
easily obtained. 

A common method of procedure for determining sulphur by dry 
fusion is as follows: 

In a 10-c. c. platinum crucible 0.7 to 1.5 grams of the sample is 
intimately mixed with 3 to 4 grams of a fusion mixture consisting of 
4 grams of magnesium oxide, 1 gram of sodium carbonate, and 1 
gram of potassium carbonate. The crucible is then filled with mag- 
nesium oxide. Over this crucible is placed, face down, a somewhat 
larger platinum crucible and the two crucibles are inverted. The 
larger crucible, nearly filled with the fusion mixture, is loosely covered 
with the crucible lid. It is tilted about 15° in a porcelain triangle 
and heated very gradually over a sulphur-free flame until it is red-hot. 
This heating should take about 20 minutes. The crucibles are then 


a Heath, G. L., A short study of methods for the estimation of sulphur in coal. Jour. Am. Chem. Soc., 
vol. 20, 1898, pp. 630-637. 

b Sadtler, S. S., Inner-crucible method of determining sulphur and halogens in organic substances. Jour. 
Am. Chem. Soc., vol. 27, 1905, pp. 1188-1192; Zeitschr. angew. Chem., 1906, p. 771. 

¢ Handy, J. O., Sulphur determination in coal and coke. Eschka’s method versus Hundeshagen’s. 
Jour. Anal. and Appl. Chem., vol. 6, 1892, p. 611. 

ad Hundeshagen, F., Schwefel Bestimmung im Asphalt. Chem. Zeit.,vol. 16, 1892, p. 1070; Jour. Anal. 
and Appl. Chem., vol. 6, 1892, p. 385. 
. ¢Hertig, O., Die brauchbaren Methoden zur Bestimmung des Schwefels im Asphalt und Gasreinig- 
ungsmasse: Chem. Zeit., vol. 23, 1899, pp. 768-769. 

f Op. cit. 

g Garrett, F. C., and Lomax, E. L., Determination of sulphur in petroleum and bituminous minerals, 
Jour. Soc. Chem. Ind., vol. 24, 1905, pp. 1212-1213; Jour. du pétrole, vol. 6, 1906, p. 387; Chem. Centralbl, 
vol. 77, 1906, p. 396. 
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cooled and boiled in 100 c. c. of water containing 15 c. c. of bromine 
water; the solution is acidified with hydrochloric acid, filtered, 
boiled free from carbonic acid, and treated with a slight excess of 
boiling barium-chloride solution in the usual manner. 


2. DRY FUSION WITH A MIXTURE OF ALKALIES AND OXIDIZING 
AGENTS. 


Blair,’ Peckham,° Lidow,? and Koch and Upson ¢ fuse the sample 
with sodium carbonate and potassium nitrate, or with ammonium 
nitrate’ and sodium carbonate. Schreiber fuses with sodium 
hydroxide, sodium nitrate, and magnesium nitrate. Langmuir * 
fuses with potassium carbonate and potassium nitrate. Aufrecht ¢ 
fuses with acid sodium carbonate and ammonium nitrate. Eschka J 
fuses with magnesium oxide and sodium carbonate. Ile sometimes 
adds ammonium nitrate. Charitschkoff* treats with potassium 
bichromate and fuming hydrochloric acid and completes the oxida- 
tion with bromine. 

When using this method one may proceed as under method 1, 
using, however, as a fusion mixture 4 grams of magnesium oxide, 
1 gram of sodium carbonate, and 1 gram of potassium nitrate, thus 
avoiding the use of bromine. It is necessary in this case after fusion 
to evaporate to dryness repeatedly with concentrated hydrochloric 
acid and thus expel the last traces of nitric acid’ before precipita- 
tion with barium chloride. The fusion should not be made in a 
platinum crucible because if more than 0.2 gram of nitrates is used 
in the fusion the nitrates will attack the metal. The expulsion of 
nitric acid is troublesome, so that this method is not as satisfactory 
as method 1. 


a Treadwell, F. P., Kurzes Lehrbuch der analytischen Chemie, vol. 2, 1903, p. 322. 

b Blair, A. A., The chemical analysis of iron. 1906, p. 290. 

¢ Peckham, 8. F., and Peckham, H. E.,Sulphur content of bitumens. Jour. Soc. Chem. Ind.., vol. 16, 
1897, pp. 996-998; Determinations ofsulphur in bitumens, Jour. Am. Chem. Soc., vol. 21, 1899, pp. 772-776; 
Jour. Soc. Chem. Ind., vol. 18, 1899, pp. 1009, 1056. 

d Lidow, J., Determination of sulphur in naphtha, Chem. Centralbl., vol. 70, 1899, p. 493; Jour. Soc, 
Chem. Ind., vol. 18. 1899, p. 1056. 

¢ Koch, W., and Upson. F. W., Estimation of the elements, with special reference to sulphur. Jour. 
Am. Chem. Soc., vol. 31, December, 1909, pp. 1355-1364. 

{ Determination of sulphur in petroleum. Jour. Soc. Chem. Ind., vol. 15, 1896, p. 680. 

g Schreiber, H., The determination of total sulphur in organic matter. Jour. Am. Chem. Soc., vol. 32, 
1910, p. 977. 

4 Langmuir, A. C., The determination of sulphur in bitumens. Jour. Am. Chem. Soc., vol. 22, 1900, 
pp. 99-102. 

4 Aufrecht, 8. Estimation of sulphur in petroleum. Pharm. Zeitschr., vol. 41, 1896, p. 469; Chem. 
Centralbl., vol. 67, 1896, p. 361; Jour. Chem. Soc., vol. 72, 1897, pt. 2, p. 595. 

Jj Blair, A. A., Thechemical analysis of iron, 1906, pp. 291-292; Jour. Ind. and Eng. Chem., vol. 1, October, 
1909, p. 689; Stanton, F. M., and Fieldner, A. C., Methods ot analyzing coal and coke, Technical Paper 8, 
Bureau of Mines, 1912, pp. 7-8. 

& Charitschkoff, K., Schwefel Bestimmung im fllissigen Heizmitteln. Petroleum Zeitschr., vol. 2, 1907, 
p. 714; Chem. Rev. Fett. Harz Ind., vol. 14, 1907, p. 147; vol. 15, 1908, p. 242; Chem. Zeit. Rep., vol. 31, 
1907, p. 233. 

@ Treadwell, F. P., Kurzes Lehrbuch der analytischen Chemie, vol. 2, 1903, p. 240. 
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6 SULPHUR CONTENT OF FUELS. 


Furman and Iles? fuse the sample with potassium hydrate and 
treat with bromine. 

Dubois > fuses with sodium carbonate, manganese dioxide, and 
potassium permanganate. 

Schillbach ¢ fuses with barium peroxide. 

Osborne,? Parr, Wheeler and Berolzheimer,é Konek,/ and Stl 
Warunis 9 fuse with sodium peroxide. 

Method 2 has its adherents, but there seems to be little to say for or 
against it as compared with method 1, except that it is less convenient.’ 


8. TREATING WITH WET ALKALIES AND OXIDIZING AGENTS. ' 


Lecocq and Vandervoort” treat the sample with a solution of 
hydrogen peroxide. 

Gill and Grindley‘ treat with nitric acid and potassium nitrate. 

Goetzl/ concentrates the sample to small bulk with fuming nitric 
acid, then fuses with sodium carbonate and potassium nitrate. 

Calvert* boils 20 hours with nitric acid. Marchlewski? extracts 
with carbon-bisulphide, concentrates, and oxidizes with nitric acid 
and potassium perchlorate. 

Schulz boils with a 30 per cent solution of sodium hydroxide con- 
taining zinc and lead acetate, filters the lead sulphide formed, and 
fuses with sodium and potassium carbonates. 

Method 3, with the modifications mentioned, also has its adherents, 
but like method 2 seems to be less convenient than method 1. 


@ Furman, H. v. F., Manual of practical assaying, 1893, p. 88. 

b Dubois, R., Dosage du soufre total dans les combustibles. Bull. Assoc. Belge Chim., vol. 15, 1901, 
pp. 225-227; Jour. Soc. Chem. Ind., vol. 20, Dec. 31, 1901, p. 1241. 

eSchillbach, H.. Determination of sulphur (in asphalt and bitumen) by means of barium peroxide. 
Zeitschr. angew. Chem., vol. 16, 1903, p. 1080; Jour. Soc. Chem. Ind., vol. 22, Dec. 15, 1903, p. 1309. 

d Osborne, T. B., The estimation of SH-sulphur in animal tissues, Jour. Am. Chem. Soc., vol. 24, 1902 
p. 140; vol. 26, 1904, p. 111. The determination of total sulphur in organic matter, Bull. 107, U. S. Bur. 
Chem., 1907, revised, p. 23. 

e Parr, S. W., Wheeler, W. F., and Berolzheimer, R., A comparison of methods for the determination 
of sulphur in coal. Jour. Ind. and Eng. Chem., vol. 1, October, 1909, p. 689; Chem. Abs., vol. 4, Feb. 10, 
1910, p. 376; Mar. 10, p. 659. 

f Konek, F. V., Estimation of sulphur in coals, petrols, bitumens, and organic substances. Jour. Chem, 
Soc., vol. 84, 1903, p. 572; Zeitschr. angew. Chem., vol. 22, 1903, pp. 516-520; Chem. Centralbl., vol. 22, 
1903, p. 217. 

g St. Warunis, T., Neues Verfahren zur Bestimmung des Schwefels in organischen Verbindungen. Chem. 
Zeit., vol. 34, 1910, pp. 1285-1286; Chem. Abs., vol. 5, 1911, p. 1244, 

‘Recoed: E. V., and Vandervoort, H., Uber die Mengen Schwefel, welche bei der Destillation gewisser 
Handelssorten des Petroleums auftreten, Chem. Centralbi., vol. 2, 1902, pp. 671-672; Bull. Assoc. Belge 
Chim., vol. 16, 1902, pp. 181-184; Jour. Soc. Chem. Ind., vol. 21, Sept. 30, 1902, p. 1180. 

¢ Gill, F. W., and Grindley, H. 8., The estimation of sulphur in animal tissues. Jour. Am. Chem. Soc. 
vol. 31, 1909, p. 52; Konshegg, A., Sulphur determination in urine, Arch. ges. Physiol., 1908, pp. 274-279. 
Jour. Am. Chem. Soc., vol. 31, 1909, p. 53. 

J Goetzl, A., Estimation of aulphur in liquid fuel and in petrol. Jour. Chem. Soc., vol. 88, 1905, p. 761; 
Zeitschr. angew. Chem., vol. 38, 1905, pp. 1528-1531; Chem, Centralbl., vol. 2, 1905, p. 1285; Jour. Soc. Chem. 
Ind., vol. 24, Oct. 31, 1905, p. 1086. 

k Calvert, F. C., Estimation of sulphur in coal and coke. Chem. News, vol. 24, 1871, p. 76. 

? Marchlewski, L., Critical studies of methods for the estimation of sulphur in gas-purifying materials. 
Zeitschr. anal. Chem., vol. 32, 1893, p. 403-411; Jour. Soc, Chem. Ind., vol. 13, Mar. 31, 1894, p. 283. 
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All of the above-mentioned fusion processes must be carried out 
most carefully under slow heating, and all require a considerable time 
for their completion. Though sufficiently accurate for such dry 
materials as coal and coke, the readiness with which oils volatilize 
and burn prohibits their use in oil analysis. 


4. OXIDATION WITH FUMING NITRIC ACID AT HIGH PRESSURE. 


Carius @ seals a given fuel sample with fuming nitric acid in a glass 
tube and heats under pressure to complete the oxidization. 

Anelli ® claims that by introducing barium nitrate into the Carius 
tube more accurate results are obtained. 

Holand ¢ suggests the introduction of potassium perchlorate into 
the Carius tube. 

Method 4 is accurate, but is difficult on account of the tendency of 
the tube to explode when heated, and is not always satisfactory.? 


5. BURNING IN PURE OXYGEN AT ATMOSPHERIC PRESSURE. 


Hempel*¢ burns the given fuel sample in oxygen in a large glass 
bottle and completes the oxidization with bromine. 

Grife/ treats in a like manner, but completes the oxidization with 
sodium-peroxide solution. 

The method under discussion may be carried out as follows: 

Into the stopper of a 10-liter glass bottle is fitted a dropping funnel 
of 100-c. c. capacity filled with a 5 per cent solution of hydrochloric 
acid containing a few drops of bromine. The bottle is filled with 
oxygen and the stopper tied firmly in place. Two platinum wires to 
carry the ignition current pass through the stopper. One wire sup- 
ports a small crucible containing the sample. A microplatinum wire 
or a pure iron wire (No, 36, B. & S. gage) short-circuits the two wires 
and dips into the fuel. When the circuit is closed the heated wire 
ignites the sample. After combustion of the sample the bottle is 
cooled by immersion in cold water, the contents of the dropping 
funnel are run into the bottle to complete the oxidation, the contents 
of the bottle are washed into a beaker, and the sulphuric acid is pre- 
cipitated as under method 1 or method 8. 

a Carius, L., Determination of sulphur by the Carius method. Rass. min., vol. 32, p. 274; Ann. Chem. 
Pharm., vol. 136, 1865, p. 129; Zeitschr. anal. Chem., vol. 4, 1865, p. 451. Treadwell, F. P., Kurzes Lehrbuch 
der analytischen Chemie, vol. 2, 1903, p. 213. 

b Anelli, G., Determination of sulphur by the Carius method. Rass. min., vol. 34, pp. 1-4; Chem. Abs., 
vol. 5, Apr. 20, 1911, p. 1379. 

¢ Holand, R., Die Bestimmung des Schwefels in fliissigen organischen Substanzen. Chem. Zeit., vol. 7, 
1893, pp. 99, 130; Jour. Soc. Chem. Ind., vol. 22, Oct. 31, 1893, p. 871. 

4 Hodgson, E. H., The determination of sulphur in asphalt. Jour. Amer, Chem. Soc., vol. 20, 1898, pp. 
382-889; Jour. Soc. Chem. Ind., vol. 18, 1899, p. 77; Chem. Zeit., vol. 22, 1898, p. 335. 

e Hempel, W., Uber eine Methode der S-Bestimmung in Kohlen und organischen Kérpern. Zeitschr. 
angew. Chem:, vol. 13, 1892, p. 393. 


f Grife, E., Zur Schwefelbestimmungin Olen, bituminédsen Kérpern, Kohlen, und iihnlichen Substanzen. 
Zeitschr. angew. Chem., vol. 17, 1904, pp. 616-619; Jour. Soc. Chem. Ind., vol. 23, May 31, 1904, p. 563. 
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The manipulation of the above-described apparatus is difficult, the 
oxidation is not dependable, and the method has not been generally 
adopted. 


6. BURNING IN A STREAM OF PURE OXYGEN. 


An elemental organic combustion train® is adaptable to the 
determination of sulphur. The sulphur-determination method in- 
volved in the use of this train, as modified by Mabery,® Barlow and 
Tolleus,¢ Brigelmann,? Bay,é Warren,’ Sauer,? and Mixter,’ is 
practicable and accurate, though requiring a considerable degree of 
care. 

Dammer‘ has further improved this method by introducing into 
the train platinized asbestos as an oxygen carrier. 

Dennstedt / uses platinized quartz, whereas Brunck* mixes the 
sample with cobalt oxide. These catalyzers have greatly improved 
the general usefulness of the method. 

Dennstedt conducts the determination as follows: 

An ordinary elemental organic combustion train’ with a tube of 
hard glass is employed. The train is fitted with the usual washing 
bottle at the entrance of the furnace and with potash absorption 
bulbs at its exit. At the entrance, however, the combustion tube is 
fitted with an inner tube (a, fig. 1) holding the boat (6, fig. 1). The 
inner tube communicates directly with the oxygen supply, inde- 
pendently of the combustion tube itself. This arrangement allows 
the operator to pass oxygen either directly over the sample, thereby 
causing rapid combustion, or into the outer tube, from whence it 
may unite with the sample after volatilization. 

The operator can thus accelerate or retard the combustion at will, 
a necessity in analyzing volatile oils. The combustion tube for 


a Richter, V., Organic chemistry, vol. 1, 1900, p. 18. 

bMabery, C. F., Determination of sulphur in volatile organic compounds. Am. Chem. Jour., vol., 16, 
1894, pp. 544-551. 

c Barlow, W. E., and Tolleus, B., Losses of sulphur in charring and in ashing plant substances; and in 
the accurate determination of sulphur in organic substances, Jour. Am. Chem. Soc., vol. 26, 1904, pp. 
341-367. 

@Briigelmann, G.,Cl-, P-,S- Bestimmung in organischen Substanzen. Zeitschr. anal. Chemie, vol. 15, 
1876, pp. 1-27; vol. 16, 1876, pp. 1-24. 

¢ Bay, I., Surun nouveau procédé de dosage du soufre dans les matiéres organiques. Compt. Rend., vol. 
146, Feb. 17, 1908, p. 333; Chem. Abs., vol. 2, 1908, p. 1543. 

f Warren, C. M., Sulphur determination in organic bodies. Proc. Am. Acad. Arts and Sci., vol. 6, 1870-71, 
p. 472, 

gSauer, A., Eine Schwefelbestimmungs Methode von allgemeiner Anwendbarkeit. Zeitschr. anal 
Chem., vol. 12, 1873, p. 32; Zeitschr. angew. Chem., vol. 22, Mar. 5, 1909, p. 440. 

h Mixter, W. G., Sulphur determination in organic bodies. Am. Chem. Jour., vol. 2, 1880, p. 396. 

¢#Dammer, O., Schwefel Bestimmung. Zeitschr. angew. Chem., vol. 22, 1909, p. 440. 

J Dennstedt, M., Anleitung zur vereinfachten Elementaranalyse, 1906, p. 62. 

k Brunck, O., Eine neue Methode zur Bestimmung des Schwefels in der Kohle. Zeitschr. angew. Chem., 
vol. 18, 1905, p. 1560. See also Holliger, M., Zur Schwefelbestimmung in Kohlen und Koks. Zeitschr. 
angew. Chem., vol. 22, 1909, pp. 436-449, 493-497, 1361; Chem. Abs., vol. 3, Oct. 10, 1909, p. 2281; Jour. Ind. 
and Eng. Chem., vol. 1, October, 1909, p. 689. 

?Dammer, O., Schwefelbestimmung. Zeitschr. angew. Chem., vol. 22, 1909, p. 440, 
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about 2 inches of its length is filled with platinized quartz or asbestos 
(c, fig. 1) instead of being filled for 10 inches with copper oxide as in 
the older furnace. The quartz or asbestos acts as an oxygen carrier 
to complete the combustion. The potash absorbs the sulphuric acid 
fumes directly. If a carbon-hydrogen determination is simultane- 
ously made, lead peroxide is placed in the end of the tube in two long 
boats (d, fig: 1) to absorb the sulphuric acid fumes. The peroxide 
may be leached with a 25 per cent solution of sodium carbonate, and 
the sulphuric acid may be precipitated therefrom with barium 
chloride in the usual manner. 

The combustion of the sample must be performed with great care, 
however, to avoid too rapid a volatilization of the oil and consequent 
incomplete oxidation. The method takes some time and requires the 
constant vigilance of the operator, but it gives reliable results. 


Ficure 1.—Apparatus for the determination of sulphur in oil by burning in a stream of oxygen, 


7. BURNING IN A LAMP IN ATMOSPHERIC OXYGEN. 


A method applicable for the determination of sulphur in burning 
oils is that of burning a given oil in a small lamp and determining the 
sulphur in the products of combustion. 

Fischer,* Engler,? Allen,* and Martwin-Riga,? use a process that 
embodies the absorption of the products of combustion in a dilute 
potassium or sodium hydroxide solution, completion of the oxidi- 
zation with bromine, and precipitation of the sulphuric acid thus 
formed with barium chloride, in the usual manner. 

Heusler,? Kissling,/ and Friedlander? complete the oxidation of the 
products of combustion with potassium permanganate. 


a Fischer, F., Apparat zur Bestimmung des Schwefels in Leuchtgase, Erdél, u.s. w. Zeitschr. angew. 
Chem., vol. 10, 1897, p. 302; Chemische Technologie der Brennstoffe, vol. 1, 1897, p. 281. Lunge, G., 
Chemisch-technische Untersuchungsmethoden, vol. 3, 1904-5, p. 40. 

b Engler, C., Der Schwefelgehalt des Petroleums, Chem. Zeit., vol. 21, 1896, pp. 197-199; Sulphur in 
petroleum, Jour. Iron and Steel Inst., London, vol. 1, 1896, pp. 353-363. Lunge, G., Chemisch-technische 
Untersuchungsmethoden, vol. 3, 1904-5, p. 38. 

¢ Allen, A. H., Note on the determination of sulphur in oils. Analyst, vol. 13, 1888, pp. 43-45; Jour. AM. 
Chem. Soc., vol. 10, 1888, p. 44. 

d Martwin-Riga, J., Bemerkung zur S-Bestimmung in fliissigen Brennstoffen, Petroleum, u. s. w. 
Zeitschr. angew. Chem., vol. 18, 1905, pp. 1766-1767; Chem. Centralbl., vol. 2, 1905, p. 1831; Chem. Rev. 
Fett. Harz Ind., vol. 1, 1906, p. 14. 

e Heusler, F., Uber die Bestimmung des Schwefels in Petroleum. Zeitschr. angew. Chem., vol. 10, 1895, 
Dp. 225, 285-286; Jour. Soc. Chem. Ind., vol. 14, 1895, p. 568; Berliner Ber., vol. 28, 1895, p. 568. 

f Kissling, R., Die Bestimmung des Schwefelgehaltes der Verbrennungsgase des Leuchterdéles. Chem. 
Zeit., Vol. 21, 1896, p. 199; Jour. Chem. Soc., vol. 72, 1897, p. 157; Jour. Iron and Steel Inst., London, vol.1, 
1897, p. 404. 

g Friedlander, 8., Zur Bestimmung des Schwefels im Petroleum: Arb. k. Ges. A., vol. 15, 1899, pp. 365-372, 
406; Chem. Centralbl., ‘vol 70, 1899, pp. 406, 629-630; Jour. Chem. Soc., vol. 78, 1900, p. 107; Jour. Soc. Chem. 
Ind., vol. 18, 1899, p. 950. 


Google 


10 SULPHUR CONTENT OF FUELS. 


The process of Magruder * and Burton > embraces the absorption 
of the products of combustion in normal sulphuric acid and titration 
with normal sodium carbonate, using 00 tropaeoline as an indicator. 

For all burning oils, this method is practicable and accurate, but, 
as Conradson ¢ states, a considerable portion of the sulphur in the 
form of sulphates and sulphonates remains absorbed in the wick of 
the lamp. This sulphur must be determined by a fusion method, 
correction being made therefor. 


8. BURNING IN A CALORIMETRIC BOMB WITH PURE OXYGEN 
UNDER A PRESSURE OF 30 TO 40 ATMOSPHERES. 


The method of combustion in a bomb has been found most practi- 
cable and accurate for all oils, and is used almost without exception in 
the petroleum laboratory of the Bureau of Mines. Filiti,? Allen,¢ 
Lord,/ and Lohmann 9 proceed as follows in this method: 

A portion of a sample, 0.7 to 1.0 gram, is burned in a calorimetric 
bomb containing 10 c. c. of water and oxygen under a pressure of 30 
atmospheres. A lower pressure sometimes gives inaccurate results. 
If the sample contains more than 3 per cent sulphur the bomb is 
allowed to stand in its water bath for 15 minutes after ignition of the 
charge. In case the sulphur content is as high as 5 per cent, oxygen 
under 40 atmospheres pressure is used. With these high pressures 
in a Berthelot bomb of 500-c. c. to 600-c. c. capacity repeated trials 
have failed to show even traces of carbon monoxide or sulphur 
dioxide. If a smaller bomb of about 175-c. c. capacity, such as the 
Peters or Kréker, is used, incomplete combustion from a lack of oxygen” 
may result, if too large a sample be taken. 

After cooling—15 minutes is usually enough—the bomb is opened, 
and its contents are washed into a beaker. If the bomb has a lead 
washer, 5 c. c. of a saturated solution of sodium carbonate is added, 


@ Magruder, E. W., Rapid method for the estimation of sulphur in crude petroleum and illuminating oils. 
Proc. Va. Chemists’ Club, vol. 1, p. 53; Chem. Abs. vol. 3, 1909, pp. 115, 2627. 

b Burton, W. M., Determination of sulphur in petroleum. Chem. Abs., vol. 3, 1909, p. 115. 

¢ Conradson, P. H., in conversation with the authors made the statement that “of the sulphur content in 
lamp oils, fully one-third of the sulphates and sulphonates remain in the wicks when the oil is thus burned.” 

d Filiti, G. A., Sur le dosage du soufre dans les pétroles de Roumanie. Bull. Soc. Chim. Paris. vol. 21, 
1899, pp. 338-341. 

e Allen, I. C., Relative values of fuels used on the Pacific coast. Min. and Sci. Press, vol. 81, Dec. 8, 1900, 
p. 569. Arnold, R., Anderson, R., and Allen, I. C., Geology and oil resources of the Coalinga district, 
California, with a report on the chemical and physical properties of the oils. U.S. Geol. Survey Bull. 398, 
1910, p. 265. Allen, I. C., Jacobs, W. A., and Burrell, G. A., Physical and chemical properties of the petro- 
Ieums of the San Joaquin Valley of California, with a chapter on analyses of natural gas from the oil fields 
of southern California, Bull. 19, Bureau of Mines, 1911, p. 8. 

f Lord, N. W., Work of the Chemical laboratory of the United States Geological Survey coal- 
testing plant at St. Louis, Mo., in 1904. U.S. Geol. Survey Prof. Paper 48, 1906, p. 174. 

g Lohmann, D., Uber Schwefelbestimmung in Erdél. Chem. Zeit., vol. 35,1911, p. 1119; Petroleum, vol. 
7, 1911, p. 237. 

h A.C. Fieldner, assistant chemist of the Bureau of Mines, in a conversation with the authors, stated that 
one gram of a mixture of pyrite and coal, the mixture containing 25 per cent of sulphur, was burned ina 
bomb under a pressure of 18 atmospheres. Upon opening the bomb the odor of SO was noticeable. With 
@ pressure of 30 atmospheres the sulphur content was 0.2 per cent lower than that determined by the Eschka 
method. The combustion would have been complete if a pressure of 40 atmospheres had been used. 
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the contents are heated to the boiling point, boiled for 10 minutes, 
and are then filtered. This operation is necessary to decompose any 
lead sulphate from the washer. The united washings are then 
filtered, acidified with hydrochloric acid, boiled to expel all carbonic 
acid, and the sulphuric-acid content is determined in the usual way 
with barium chloride. 

Gravimetric determination is preferred to volumetric, because the 
nitrogen contained in the air originally in the bomb is oxidized in 
part to nitroacids, which cause a small error if the volumetric deter- 
mination alone is used. The sulphur content of any combustible 
material, from light gasolines weighed in a tared gelatin capsule to 
solid bitumens and cokes, can be readily determined by this method. 

This method of burning in a bomb is accurate, practicable, and 
rapid, and is recommended in preference to all of the other methods 
described. The calorimetric® determination, if desired, can be 
made at the same time. 

CONCLUSIONS. 


Methods 1, 2, and 3, though successful for such slow-burning 
materials as coals and cokes, are not dependable for oils. 

Method 4 is accurate, but because of lability to explosions is un- 
satisfactory. 

Method 5 is not accurate because at atmospheric pressure the 
combustion is not always complete. 

Method 6 is accurate, but is tedious, and must be under the con- 
stant observation of the chemist. 

Method 7 is applicable to burning oils but not to gaseous oils or to 
heavy residues. : 

Method 8 is applicable to all oils and combustible materials, and is 
accurate, rapid, and reliable. 


PUBLICATIONS ON FUEL TESTING. 


The following Bureau of Mines publications may be obtained free 
by applying to the Director, Bureau of Mines, Washington, D. C.: 

Butuetin 1. The volatile matter of coal, by H. C. Porter and F. K. Ovitz. 1910. 
56 pp., 1 pl. 

Bu.uetin 2. North Dakota lignite as a fuel for power-plant boilers, by D. T. Ran- 
dall and Harry Kreisinger. 1910. 42 pp., 1 pl. 

Buuetin 3. The coke industry of the United States as related to the foundry, by 
Richard Moldenke. 1910. 32 pp. 

BuLietin 4. Features of producer-gas power-plant development in Europe, by 
R. H. Fernald. 1910. 27 pp., 4 pls. 

Bu.tetin 5. Washing and coking tests of coal at Denver, Colo., July 1, 1908, to 
June 30, 1909, by A. W. Belden, G. R. Delamater, J. W. Groves, and K. M. Way. 
1910. 62 pp. 


a Stanton, F. M., and Fieldner, A. C., Methods of analyzing coal and coke, Technical Paper 8, Bureau 
of Mines, 1912, p. 11. 
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Buttetin 6. Coals available for the manufacture of illuminating gas, by A. H. 
White and Perry Barker, compiled and revised by H. M. Wilson. 1911. 77 pp., 4 pls. 

Butietin 7. Essential factors in the formation of producer gas, by J. K. Clement, 
L. H. Adams, and C. N. Haskins. 1911. 58 pp., 1 pl. 

Buuietin 8. The flow of heat throngh furnace walls, by W. T. Ray and Henry 
Kreisinger. 1911. 32 pp. 

BuLueTIN 9. Recent development of the producer-gas power plant in the United 
States, by R. H. Fernald. 82 pp.,2 pls. Reprint of United States Geological Survey 
Bulletin 416. 

Bu.tetin 11. The purchase of coal by the Government under specifications, by 
G.S. Pope. 80 pp. Reprint of United States Geological Survey Bulletin 428. 

Butietin 12. Apparatus and methods for the sampling and analysis of furnace 
gases, by J. C. W. Frazer and E. J. Hoffman. 1911. 22 pp. 

Buuuetin 13. Résumé of producer-gas investigations, October 1, 1904, to June 30, 
1910, by R. H. Fernald and C. D. Smith. 1911. 393 pp., 12 pls. 

Butetin 14. Briquetting tests of lignite at Pittsburgh, Pa., 1908-9; with a chapter 
on sulphite-pitch binder, by C. L. Wright. 1911. 64 pp., 11 pls. 

Buuuet1n 16. The uses of peat for fuel and other purposes, by C. A. Davis. 1911. 
214 pp., 1 pl. 

Buttetin 18. The transmission of heat into steam boilers, by Henry Kreisinger and 
W.T. Ray. 1912. 180 pp. 

Buutetin 19. Physical and chemical properties of the petroleums of the San 
Joaquin Valley, Cal., by I. C. Allen and W..A. Jacobs, with a chapter on analyses of 
natural gas from the southern California oil fields, by G. A. Burrell. 1911. 60 pp., 
2 pls. 

BuLetin 21. The significance of drafts in steam-boiler practice, by W. T. Ray and 
Henry Kreisinger. 64 pp. Reprint of United States Geological Survey Bulletin 367. 

BULLETIN 23. Steaming tests of coals and related investigations, September 1, 1904, 
to December 31, 1908, by L. P. Breckenridge, Henry Kreisinger, and W. T. Ray, 1912. 
380 pp., 2 pls. 

Butietin 24, Binders for coal briquets, by J. E. Mills. 56 pp. Reprint of United 
States Geological Survey Bulletin 343. 

BuLuetin 27. Tests of coal and briquets as fuel for house-heating boilers, by D. T. 
Randall. 44 pp., 3 pls. Reprint of United States Geological Survey Bulletin 366. 

BuLietin 28. Experimental work conducted in the chemical laboratory of the 
United States fuel-testing plant at St. Louis, Mo., January 1, 1905, to July 31, 1906, by 
N.W. Lord. 51 pp. Reprint of United States Geological Survey Bulletin 323. 

Butetin 29. The effect of oxygen in coal, by David White. 80 pp., 3 pls. Re- 
print of United States Geological Survey Bulletin 382. 

BuLietin 30. Briquetting tests at the United States fuel-testing plant at Norfolk, 
Va., 1907-8, by C. L. Wright. 41 pp., 9 pls. Reprint of United States Geological 
Survey Bulletin 385. 

BuLLeTIN 31. Incidental problems in gas-producer tests, by R. H. Fernald, C. D. 
Smith, J. K. Clement, and H. A.Grine. 29 pp. Reprint of United States Geological 
Survey Bulletin 393. 

Buietin 32. Commercial deductions from comparisons of gasoline and alcohol 
tests on internal-combustion engines, by R. M. Strong. 38 pp. Reprint of United 
States Geological Survey Bulletin 392. 

BuLLetin 33. Comparative tests of run-of-mine and briquetted coal on the torpedo 
boat Biddle, by W. T. Ray and Henry Kreisinger. 50 pp. Reprint of United States 
Geological Survey Bulletin 403. 

Butetin 34. Tests of run-of-mine and briquetted coal in a locomotive boiler, by 
W. T. Ray and Henry Kreisinger. 33 pp. Reprint of United States Geological 
Survey Bulletin 412. 


Google 


PUBLICATIONS ON FUEL TESTING. 13 


Bu.etin 35. The utilization of fuel in locomotive practice, by W. F. M. Goss. 
29 pp. Reprint of United States Geological Survey Bulletin 402. 

Bu wetin 36. Alaskan coal problems, by W. L. Fisher. 1911. 32 pp., 1 pl. 

BuLuetin 37. Comparative tests of run-of-mine and briquetted coal on locomotives, 
including torpedo-boat tests, and some foreign specifications for briquetted fuel, by 
W.F.M.Goss. 58pp.,4pls. Reprint of United States Geological Survey Bulletin 363. 

Butet1n 39. The smoke problem at boiler plants, a preliminary report, by D. T. 
Randall. 31 pp. Reprint of United States Geological Survey Bulletin 334, revised 
by S. B. Flagg. 

Bu.tetin 40. The smokeless combustion of coal in boiler furnaces, with a chapter 
on central heating plants, by D. T. Randall and H. W. Weeks. 188 pp. Reprint 
of United States Geological Survey Bulletin 373, revised by Henry Kreisinger. 

Bu.ietin 41. Government coal purchases under specifications, with analyses 
for the fiscal year 1909-10, by G. S. Pope, with a chapter on the fuel-inspection labora- 
tory of the Bureau of Mines, by J. D. Davis. 1912. 97 pp., 3 pls. 

BuLuetin 43. Comparative fuel values of gasoline and denatured alcohol in 
internal-combustion engines, by R. M. Strong and Lauson Stone. 1912. 243 pp., 
3 pls. 

TECHNICAL Parer 1. The sampling of coal in the mine, by J. A. Holmes. 1911. 
18 pp. 

TECHNICAL Paper 2. The escape of gas from coal, by H. ©. Porter and F. K. Ovitz. 
1911. 14 pp. 

TECHNICAL PaPer 3. Specifications for the purchase of fuel oil for the Government, 
with directions for sampling oil and natural gas, by I. C. Allen. 1911. 13 pp. 

TEcHNICAL Paper 5. The constituents of coal soluble in phenol, by J. C. W. Frazer 
and E. J. Hoffman. 1912. 20 pp. 

TECHNICAL Paper 8. Methods of analyzing coal and coke, by F. M. Stanton and 
A.C. Fieldner. 1912. 21 pp. 

TECHNICAL ParPer 9. The status of the gas producer and of the internal-combustion 
engine in the utilization of fuels, by R. H. Fernald. 1912. 42 pp. 

TecHnicaL Parer 10. Liquefied products,from natural gas; their properties and 
uses, by I. C. Allen and G. A. Burrell. 1912. 23 pp. 

TECHNICAL PaPeER 16. Deterioration and spontaneous combustion of coal in storage, 
preliminary report, by H. C. Porter and F. K. Ovitz. 1912. 14 pp. 

TecunicaL Paver 20. The slagging type of gas producer, with a brief report of 
preliminary tests, by C. D. Smith. 1912. 14 pp. 
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